Using infrared spectroscopy, we found that changes in the in-plane charge dynamics attributable to static stripe order in La 1.275 Nd 0.6 Sr 0.125 CuO 4 or superconductivity in La 1.875 Sr 0.125 CuO 4 are confined to energies smaller than 100 cm
Upon doping with charge carriers a broad class of antiferromagnetic (AF) insulators reveals the astonishing phenomenon of high-T c superconductivity. Owing to the persistence of AF fluctuations, even in (heavily) doped phases the response of holes in cuprates is markedly different from free electron behavior. Specifically, the spectrum of both charge and spin excitations of moderately doped materials is characterized by a partial gap or pseudogap observed below T ‫ء‬ . T c [1] . Moreover, many cuprates show a remarkable tendency towards segregation of doped charges into one-dimensional (1D) self-organized regions (stripes) within the two-dimensional (2D) CuO 2 planes [2, 3] . At least within some models, stripe fluctuations are believed to play a pivotal role in the development of the pseudogap and have been proposed to be the driving force for high-T c superconductivity [4, 5] . Although the evidence for the existence of stripes (static or fluctuating) in a variety of cuprates is overwhelming [6] [7] [8] [9] their role in carrier dynamics is yet to be systematically investigated. The interplay between the stripes physics and the formation of the pseudogap or superconducting gap also remains unclear. In order to address these issues we employed infrared spectroscopy to examine the way in which the stripe environment impedes on the dynamics of doped holes in the CuO 2 planes.
In this Letter we report on the dynamical conductivity of La 1.875 Sr 0.125 CuO 4 (LSCO) and La 1.275 Nd 0.6 Sr 0.125 CuO 4 (LNSCO). The former system is a high-T c superconductor with T c 32 K. Although there are strong indications for fluctuating stripes in La 22x Sr x CuO 4 , for x 1͞8 static AF correlations do not occur at T . T c [10] . The Nd-doped system is a nonsuperconducting counterpart of LSCO; static charge-stripe ordering occurs below the structural phase transition from the low-temperature orthorhombic (LTO) to the low-temperature tetragonal (LTT) phase at T d2 Ӎ 80 K [6] . The broad spectral coverage of our experiments spanning from sub-THz frequencies to UV light provides access to all relevant energy scales in the studied systems, including localization, superconducting gap, pseudogap, and others.
High-quality single crystals were grown by the traveling-solvent floating-zone technique. The samples were well characterized by x-ray and dc resistivity measurements [11] (see the inset of Fig. 2 ). We obtained the complex conductivity s s 1 1 is 2 from the frequency dependent reflectivity R͑v͒ using Kramers-Kronig analysis. Our measurements were carried out at frequencies from 15 to 48 000 cm 21 (2 meV-6 eV) and at temperatures from 5 to 293 K. After a first run, the disk shaped crystals with diameter d ഠ 5 mm were coated in situ with gold or aluminum in the cryostat. The metal-coated samples were measured as the reference in a second run [12] . For the low-v extrapolation we used resistivity data; for the high frequency extrapolation we utilized the data published by Uchida et al. [13] for Nd-free LSCO.
In Fig. 1 [14] . It is obvious that Nd doping has no impact on the conductivity spectrum above 1000 cm 21 even below T d 2 . This result departs from the behavior expected in a system with static stripe order. Theoretical calculation on clusters of charge stripes predict that most of the electronic spectral weight is shifted from a Drude channel at v 0 to a mode at v ഠ 0.35 eV ͑3000 cm 21 ͒ [15] . Such a shift is not detected in our data. Apart from this, interactions 147003-1 0031-9007͞02͞ 88 (14)͞147003 (4) between 1D charge channels usually drive a phase transition to a charge-density-wave (CDW) ground state as observed in quasi-1D organic conductors [16] . In insulating static stripe ordered nickelate La 22x Sr x NiO 4 a temperature dependent charge gap 2D ഠ 0.26 eV opens in s 1 ͑v͒ below the charge-stripe ordering transition [17] . No signatures of a charge gap are observed in LNSCO below T d 2 .
Our results indicate that the static stripe order in LNSCO below T d2 is different from the idealized picture of static 1D "rivers of charges" separated by insulating AF domains. This is in accord with several theoretical studies of the stripe ordered phase in cuprates. For example, it has been suggested that the formation of a CDW along the stripes can be suppressed by disorder in the coupling between the stripes or by transverse fluctuations of the stripes [5, 18] . Additionally, calculations within the t-J model showed that stripes have a width of several lattice spacings which results in a finite overlap at x 1͞8 doping [19] . This picture of a more or less "imperfect" stripe order in La 22x2y Nd y Sr x CuO 4 is in agreement with recent results from neutron-scattering and angle-resolved photoemission experiments. [9, 20] .
Below 1000 cm 21 , the optical conductivity is strongly temperature dependent. In LSCO s 1 ͑v͒ increases monotonically with decreasing temperatures and frequencies for T . T c . LNSCO shows a completely different frequency dependence of s 1 ͑v͒: as seen in the lower panel of Fig. 1 , a peak feature centered at finite frequencies continuously develops in the conductivity spectrum when the sample is cooled down. Dc conductivity data plotted as symbols on the ordinate indicate that this nonmonotonic behavior of s 1 ͑v͒ already exists at temperatures above T d2 Ӎ 80 K. As temperature is reduced, the peak narrows and seems to shift towards lower frequencies. A comparison between the measured R͑v͒ data and the values calculated with the Hagen-Rubens formula in the inset of Fig. 1 
It has been shown that a peak in s 1 ͑v͒ can be initiated by disorder in the CuO 2 planes and may result from localization of charge carriers [21, 22] . A conductivity peak at finite frequencies seems to be a generic feature of low-dimensional disordered conductors near the metalinsulator transition [23, 24] . Another signature of localization in LNSCO is the upturn in the resistivity below T d 2 (see the inset of Fig. 2 ). In contrast, no signs of localization are observed in LSCO: there is no peak in s 1 ͑v͒ and the dc transport is metallic above T c . Notably, the Nd dopant in LNSCO is neutral since both La and Nd are trivalent. Therefore disorder potential associated with Nd is less prominent than that induced by either charged impurities such as O or Sr [25] or by direct substitution of Cu in the CuO 2 planes with other elements. But the introduction of Nd rotates the direction of distortion in the CuO 2 planes from diagonal to parallel to the Cu-O bond [27] which supports the pinning of stripes below T d 2 [6] and therefore changes the environment in which mobile charge carriers move. Hence, the localization peak in s 1 ͑v͒ at finite frequencies is consistent with the idea of the reduced dimensionality of LNSCO compared to LSCO. Indeed, if fluctuating stripes become pinned by lattice distortions the charge carriers are confined to (quasi) 1D static stripes and are more susceptible to localization due to disorder. The continuous development of the conductivity peak through T d2 is consistent with recent results from x-ray-and neutron-scattering experiments on La 1.62x Nd 0.4 Sr x CuO 4 . These studies showed that some fraction of LTT-like domains persist in the LTO phase above T d2 [20, 28] .
For further discussion of the charge dynamics it is useful to introduce the frequency dependent scattering rate 1͞t͑v͒. In the framework of the extended Figure 2 shows 1͞t͑v͒ of LSCO and LNSCO. At high frequencies the scattering rate increases linearly with frequency for all temperatures in both materials. In contrast, 1͞t͑v͒ decreases much faster than linear for v # 1000 cm 21 . This behavior is a characteristic signature of charge dynamics in the pseudogap state below T ‫ء‬ [1, 30] . The depression of the scattering rate is observed in the whole temperature range investigated indicating that T ‫ء‬ exceeds room temperature in both compounds. It is obvious that Nd doping and static stripe ordering has only a little influence on the suppression of 1͞t͑v͒ below 1000 cm 21 . Compared to the other cuprates, the onset of the pseudogap behavior is somewhat smoother and shifted towards higher energies.
In Fig. 3 we focus on the charge dynamics of LSCO at low temperatures and frequencies. La 22x Sr x CuO 4 with x 0.15 [31] or 0.17 [32] . To check if the missing spectral weight in s 1 ͑v͒ can be attributed to superconductivity, we calculated the in-plane penetration depth l ab in two different ways: from the imaginary part of the conductivity c 2 ͞l 2 ab 4pvs 2 ͑v͒ and by applying the Ferrell-Glover-Tinkham sum rule c 2 ͞l
where s n and s s are the real parts of the conductivity at 32 K and below T c , respectively [33] . The results we obtained from both calculations agree very well. At 5 K, l ab ഠ 630 nm which is consistent with the results from microwave measurements [34] . Therefore, the decrease of s 1 ͑v͒ at an energy scale v , 100 cm 21 can be attributed to the formation of the superconducting condensate.
The lower panel of Fig. 3 shows 1͞t͑v͒ at 5 K and at T c . In the superconducting state, 1͞t͑v͒ first increases below 100 cm 21 and then decreases at the very lowfrequency end while it is frequency independent in the normal state. In contrast, no change in the scattering rate is observed at the superconducting transition in the frequency region between 100 and 1000 cm 21 where the form of the 1͞t͑v͒ spectrum is dominated by the pseudogap. Thus, superconductivity has no impact on the charge dynamics in this energy range indicating that pseudogap and superconducting gap have different origins. Consistent with this view is the fact that in LSCO the characteristic temperatures and the energy scales of pseudogap and superconducting gap differ by about 1 order of magnitude [35] (Figs. 2 and 3) . Notably, the pseudogap behavior is not affected by Nd doping while superconductivity is totally suppressed. This latter result along with the energy scales discrepancy discussed above argues against the decisive role of superconducting fluctuations in the development of the pseudogap. Our finding is in agreement with tunneling experiments [37] and infrared studies of the electron doped cuprates [38] .
If we compare s 1 ͑v͒ of Nd-doped LSCO plotted in the lower panel of Fig. 1 with s 1 ͑v͒ of LSCO (upper panel of Fig. 3 ) it appears that the energy scale of the localization peak in LNSCO is of a similar order of magnitude as the superconducting gap in LSCO. It has been shown that in Zn-doped YBa 2 Cu 4 O 8 crystals the spectral weight confined under the localization peak in s͑v, T . T c ͒ is excluded from contributing to the superconducting condensate at T , T c [22] . Thus the destructive role of charge localization for superconductivity in static stripe ordered Nd-doped LSCO is especially prominent because the superconducting gap in Nd-free LSCO is anomalously small.
In summary, we observed a finite-frequency peak in the far-infrared conductivity of LNSCO that can be attributed to localization of charge carriers in the CuO 2 planes. This result is consistent with the reduced dimensionality of the electronic transport in the static stripe ordered state. Apart from these localization effects the overall electromagnetic response of both static and fluctuating stripes is similar indicating that "static" stripe order in LNSCO deviates from the idealized picture of 1D charge channels insulated by AF domains. Although the impact of static stripes is confined to very low frequencies, the energy scale attributable to localization appears to be comparable to the magnitude of the superconducting gap in LSCO. Neither static stripe ordering in LNSCO nor superconductivity in LSCO has an influence on the pseudogap behavior observed at much higher temperature and energy scales.
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